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ABSTRACT
Ground penetrating radar (GPR) is a rapid nondestructive geophysical method that produces
two- or threedimensional graphical images of subsed features and built structures.
Ground penetrating radar images have been used successfully in a varighyatyrelated
applications An air-coupled GPR unitvas obtained and tested study of theaccuracgof
pavementayer thicknesses estimdtesing GPR methods (compared to measurements of
pavementores) demonstrated that GPR data could be used noagstayer thickness to
within +/- 0.2 inches. Guidelines for field datallection and data analysis were developed
to assist in the implementation of the GPR system into AHTD routine pavement mamage

practice.
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CHAPTER 1: INTRODUCTION
Ground penetrating radar (GPR) is a rapid nondestructive geophysical method that produces two
or threedimensional graphical images of subswed features and built structures. Ground
penetrating radar images have been used successfully in a variety of applicatiods)g
determining the location and depth of buried objects (including tanks, pipes and other utilities),
investigating the psence and continuity of natural subsurface feateneduating the condition
of new or existing pavemerandidertifying zones of deterioration in aging bridges

The ground penetrating radar tool essentially consists of a transmitter antenna and a
receive antenna, both of which may be housed in a single @ibund penetrating radar
antenna are either daunched (horn) or ground coupled and of variable frequency (25iMHz
2500 MHz).Figurel shows the AHTD aitaunched unitThe transmitter antenna ashigh
frequency, shortluration electromagnetic pulses as it is moved along the surface of the earth or
structure. These electromagnetic pulses are partially reflected when they encounter surfaces
across which there is a change in electrical propgdietectric constant). The receiver antenna

records the travel times and magnitudes of the reflected pulsed electromagnetic energy

Figure 1. AHTD Air-Coupled GPR Unit



Typically, magnitudes of reflected GPR pulses are displayed as a function ¢tireve
(vertical scale) and antenna unit location (horizontal scale). The relative magnitude of a
reflected GPR pulse is a direct function of the contrast in electrical properties on either side of
the reflecting interface. Vertical and horizontal regoluis dependent mostly upon the
frequency of the antenna employed and ranges from millimeters (highest frequency antenna) to
meters (lowest frequency antenna).

Several state DOTs, SHRP, MNnROAD, and the FHWA have conducted pavement
evaluation studies armbmpared the GPR results to core samples. The overall results indicated
that when comparing the newly constructed pavement thickness GPR results were within 5% of
the core samples. Because GPR data is collected continuously at various speausylaege
of data points can be collected economically which enhances the quality assurance.

Accurate measurement of pavement thickness is an important aspect of the quality
assurance of newly constructed pavement. Cyrbenih the asphalt and concrete pavindasias
are cored at a specified interval along the roadway (about 300 m intervals) for QA/QC
compliance. Allowable tolerances vary within State DOTs but are generiBgnm for asphalt
and® 5mm for concrete surfaces. Although coring has been the staedtind) method for
several years, recently, higipeed, asaunched horn antenna GPR syst¢in® to 1.5 GHz)
have been developed and tested for imaging through paved surfaces, including asphalt and
concrete and bridge decks to evaluate the conditionhecichess of the material examined in a
nontdestructive environment. The main advantage of using GPR systems is the continuous data
collection at posted highway speed3enerally, the pavement survey using GPR is performed in
multiple passes, each passhaone sensor along the lane centerline, and two sensors one on each

wheel path.



CHAPTER 2: PROJECT OBJECTIVES AND IMPLEMENTATION
The primary product arising from the project is a calibrated GPR unit that can be directly
implemented fonetworklevel pavement surveys by AHTD personn&lajor tasks
accomplished to realize this goal include:
1 Obtain the Ground Penetrating Radar (GPR) unit;
T Investigate the O6accuracyd of pavement | ay
1 Prepare field data collection addta analysis guidelines suitable for implementation into
AHTD routine pavement management practice.

Subsequent sections of this report provide details regarding these tasks.



CHAPTER 3: ESTIMATION OF GPR ACCURACY

An initial estimation of the accurgof GPR measurements, in the context of pavement layer
thickness, was not particularly promising. However, GPR measurements were taken on
pavements for which o6ground truthod | ayer thic
reported core thimesses were available to the research teand those thicknesses were
reported only to the nearest 0.25 in. Thus,
thickness) ranged as high as 0.8 in.

Hattiesville Test Site

An additional investigation as completed to better estimate the accuracy of-G&ed

pavement thickness. A flexible pavement test section was selected on Arkansas Highway 213
located in Hattieville, Arkansas for the work.

Measurements

A total of ten (10) coring sites were idergiii five cores to be taken approximately 5 feet to the

right of the centerline, and five cores to be taken approximately 5 feet left of the centerline. At

the site of each core sample, the research team would set up four metal strips on the pavement.
Two metal strips were placed 10 ft ahead of where the core sample was acquired. Two

additional metal strips were placed 10 ft behind the core sample location. The metal strips were
placed on the pavement due to their reflective properties. The metatealstrong reading on

the GPR survey, enabling the pavement thickness measurement estimated by GPR to be
precisely located at the site of coring. FigRiBustrates the testing setup. Fig@erovides a

GPR survey result, which clearly shows theahstrips.



Figure 2. Hattiesville Test Sitel Test Section Setup

Metal Bar Location
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Figure 3. Hattiesville Test Sitei GPR Result

Three GPR surveys were acquired at each core setup. For each survey, there were two
antennas that were placed in the alhmath. Each survey had a resolution of six scans/ft. For
each 26ft section, there were 120 data points for each wheel path. After the 10 sites were

complete, one continuous survey at a resolution of one scan/ft in was collected in each direction.



Data Analysis: Field Core Measurements

To illustrate the effect of field measurements on the estimation of GPR accuracy, cores taken at
the Hattiesville Test Site were measured using both a procedure similar to tleagh€drm

Pavement Performance (LTPRghod (which aerage four areas of the core, measuretht®
neares0.1in) and the AHTD procedure (report thickness to nearest 0.25 in, measured by a

ruler). It is notedhat forthis project, the coseeweae separated into eight secticarsd adigital

caliper was used to measure the core samples to the n@@dast Table 1liststhe

measurements of the two different procedufe€r r or 6 i n Table 1 refers

betweenhe average of the eigbalipermeasurements compared to the ruleasueement.

Table 1: Core Sample Comparison of Measurement Procedure.

Log MeasureMeasureMeasurJMeasureIMeasureIMeasureMeasureMeasure
Samplq Mile |Locatiol| Layel| Ruler 1 2 3 4 5 6 7 8 |AveragqError(%
5A |4.05| 5'Lt 1 |175( 171 | 175 | 176 | 1.72 | 165 | 1.79 | 1.79 | 1.75 | 1.74 | 0.6

2 | 175] 1.92 1.81 1.83 1.64 1.88 1.85 1.85 1.78 | 1.82 3.8
3 |050] 065 | 056 | 062 | 063 | 0.78 | 050 [ 0.51 0.74 | 0.62 | 19.8
5B |4.35] 5'Rt 1 |050| 052 | 044 | 047 | 044 | 036 | 048 | 0.36 | 0.39 | 043 | 156
2 |200]| 1.69 1.73 1.83 1.58 1.86 181 1.87 185 | 1.78 | 125
3 |1075] 071 ] 0.76 | 0.79 | 0.72 | 0.75 | 059 | 0.59 | 0.65 | 0.70 7.9
4A | 3.45] 5'Lt 1 |1.75| 1.73 1.75 1.77 1.73 1.85 1.87 1.78 1.76 | 1.78 1.7
2 |200] 184 | 1.80 1.96 1.84 1.80 1.73 1.70 164 | 1.79 | 11.8
4B |3.75 5'Rt 1 ]200| 187 | 207 2.03 | 2.00 178 | 214 | 212 204 | 2.01 0.3
2 |1.25] 1.30 1.15 | 0.83 1.25 1.36 1.18 1.05 1.10 | 1.15 8.5
3A |2.85| 5'Lt 1 ]150(| 1.61 1.69 1.78 1.76 1.71 1.64 1.57 1.67 | 1.68 | 10.6

Base| 3.00| 3.04 | 2.67 2.81 | 3.08 293 | 3.07 3.06 | 2.99 | 2.96 1.5
3B [3.15] 5'R 1 [125f 1.19 1.12 1.05 1.10 1.09 1.13 1.16 129 | 1.14 | 95
2A |1 2.25| 5'Lt 150 1.30 1.30 1.36 131 1.20 1.27 1.21 128 | 1.28 | 17.3
1.50| 1.20 1.14 1.18 1.04 1.13 1.03 1.07 1.02 | 1.10 | 36.2
200( 1.94 | 1.86 1.88 1.70 1.80 1.92 1.98 1.92 | 1.88 6.7
150| 154 | 1.70 1.75 1.70 154 | 1.68 1.67 158 | 1.65 8.8
1.50| 1.66 1.65 1.58 1.70 1.66 1.79 1.60 1.71 | 167 | 10.1
150 1.43 1.50 1.52 1.46 1.47 1.42 1.43 152 | 1.47 2.1
1.00| 0.90 | 0.95 1.05 | 094 | 0.86 | 0.88 | 0.90 | 0.72 | 0.90 | 11.1
0.75( 0.82 | 0.81 084 | 086 | 0.90 [ 0.80 | 0.80 | 0.80 | 0.83 9.5
125 131 1.30 1.33 1.25 131 1.23 1.22 1.36 | 1.29 3.0
1.00| 0.88 1.00 | 090 | 090 | 0.86 | 0.89 | 0.96 | 0.93 | 0.92 9.3

2B |2.55] 5'Rt

1A |1.65] 5'Lt

1B |1.95] 5'Rt
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Data Analysis: Individual Test Location Eurements

Table 2 provides pavement layer thickness data for the 10 individual test locations at the
Hattiesville Test SiteThe average difference from the ground truthpproximately0.20 in for

the left wheel path and 0.47 in for the right wheehpal'he range in the difference from the
ground truth is approximately 0.05 in to 0.54 in for the left wheel path and 0.12 in to 0.47 in for

the right wheel path.

Table 2. Layer Thickness Data forndividual Test Locations

Sample|Ground Trut} LAr1 LAiIr2 LAir3 LAir Averag| RAirl RAir2 RAir3 RAIr Averad
5A 3.56  [Thickness Average (in.) 3.69 3.45 3.13 3.42 3.96 3.91 3.80 3.89
Log Mile Difference from the truth (in.] 0.13 0.11 0.43 0.22 0.40 0.35 0.24 0.33
4.05 Percent Differencé%) 3.67 3.14 11.97 6.26 11.33 9.69 6.65 9.23
Sample|Ground Trut} LAirl LAiIr2 LAir3 LAir Averagl R Airl RAiIr2 RAIr3 RAir Averag|
5B 2.21 Thickness Average (in.) 2.27 2.28 2.19 2.25 1.80 1.76 2.08 1.88
Log Mile Difference from the trut (in.)| 0.06 0.07 0.02 0.05 0.41 0.45 0.13 0.33
4.35 Percent Difference (%) 2.55 3.18 0.80 2.18 18.41 | 20.51 5.74 14.88
Sample|Ground Trutl LAIrl LAIr2 LAir3 LAirAverag RAIrl RAIir2 RAIr3 RAirAverag
4A 3.57 Thickness Average (in.) 357 3.55 3.43 3.52 4.03 3.98 4.07 4.03
Log Mile Difference from the truth (in.] 0.00 0.02 0.14 0.05 0.46 0.41 0.50 0.46
3.45 Percent Difference (%) 0.06 0.49 4.04 1.53 13.02 | 11.58 | 13.87 12.82
Sample|Ground Trutl LAIrl1 LAIr2 LAir3 LAirAveragl RAIrl RAIr2 RAir3 RAirAverag
4B 3.16 Thickness Average (in.) 2.66 2.54 2.66 2.62 3.11 2.85 3.16 3.04
Log Mile Difference from the truth (in.] 0.50 0.62 0.50 0.54 0.05 0.31 0.00 0.12
3.75 Percent Difference (%) 15.81 | 19.77 | 15.79 17.12 1.67 9.75 0.13 3.85
Sample|Ground Trut} LAIrl LAiIr2 LAir3 LAir Averagl R Airl RAiIr2 RAIir3 RAir Averag|
3A 1.68 Thickness Average (in.) 1.22 1.65 1.77 1.55 1.96 1.82 1.95 1.91
Log Mile Difference from the truth (in.] 0.46 0.03 0.09 0.19 0.28 0.14 0.27 0.23
2.85 Percent Difference (%) 27.14 1.77 5.30 11.40 16.96 8.23 16.29 13.82
Sample|Ground Trut} LAIrl LAIr2 LAir3 LAirAverag RAIrl RAIr2 RAIr3 RAirAverag
3B 1.55 Thickness Average (in.) 1.69 2.06 1.76 1.84 1.71 1.76 1.73 1.73
Log Mile Difference from the truth (in.] 0.14 0.51 0.21 0.29 0.16 0.21 0.18 0.18
3.15 Percent Difference (%) 9.30 33.03 | 13.50 18.61 10.11 | 13.59 | 11.56 11.76




Table 2. Layer Thickness Data forndividual Test Locations (continued)

L Air 3 L Air Averagl R Air1

R Air2 R Air3 RAIr Averad

Sample|Ground Trut} LAirl LAir2
2A 2.38 Thickness Average (in.) 2.25 2.24 2.28 2.25 1.72 1.61 1.59 1.64
Log Mile Difference from the truth (in.] 0.13 0.14 0.10 0.13 0.66 0.77 0.79 0.74
2.25 Percent Difference (%) 5.63 6.02 4.16 5.27 27.53 | 32.38 | 33.36 31.09
Sample|Ground Trut} LAIrl1 LAIr2 LAir3 LAirAverag RAIrl RAIr2 RAir3 RAirAverag
2B 3.53  [Thickness Average (in.) 3.55 3.64 3.61 3.60 4.91 4.98 4.97 4.95
Log Mile Difference from the truth (in.) 0.02 0.11 0.08 0.07 1.38 1.45 1.44 1.42
2.55 Percent Difference (%) 0.62 2.98 2.35 1.98 38.97 | 41.06 | 40.67 40.23
Sample|Ground Trutl LAIrl LAIr2 LAir3 LAirAverag RAIrl RAIr2 RAir3 RAirAverag
1A 3.14 Thickress Average (in.) 3.35 3.36 3.34 3.35 3.38 3.34 3.37 3.37
Log Mile Difference from the truth (in.] 0.21 0.22 0.20 0.21 0.24 0.20 0.23 0.23
1.65 Percent Difference (%) 6.83 7.00 6.29 6.70 7.71 6.46 7.39 7.19
Sample|Ground Trut} LArl LAIr2 LAr3 LAir Averagl R Airl RAiIr2 RAIr3 RAir Averag|
1B 2.12 Thickness Average (in.) 241 2.34 2.35 2.36 2.85 2.76 2.74 2.79
Log Mile Difference from the truth (in.] 0.29 0.22 0.23 0.24 0.73 0.64 0.62 0.67
1.95 Percent Difference (%) 13.63 | 10.28 | 10.65 11.52 34.53 | 30.38 | 29.43 31.44

Data Analysis: Continuous Measurements

The metal stripsised to delineate core locatiomere notusedfor the continuous survey&PS

coordinates from the sample site surveys were used to locate the core locatienthe sample

sites were located on the continuous survey, thié 26ctions were used for the continuous

survey analysis. These-20sections only have 20 data point for each wheel pathadtie

lower data resolution.

Table 3 provides layer itkness data for the continuous measurement®e average

difference from the ground truth approximately0.20 in for the left wheel path and 0.48 in for

the right wheel path. The range in the difference from the ground truth is approximately 0.02 in

to 0.70 in for the left wheel path and 0.01 in to0lifY for the right wheel path.



Table 3. Layer Thickness Data forContinuous GPS Measurements

Sample
and Log
Mile 5ALWP | 5ARWP| 5BLWP| 5BRWP| 4ALWP | 4ARWP| 4BLWP| 4BRWP| 3ALWP | 3A RWP
Thickness
Aveaage

(in.) 3.58 4.17 2.3 1.85 3.29 3.84 3.19 3.55 1.75 1.96

Thickness
Standard
Deviation 0.19 0.56 0.08 0.11 0.18 0.21 0.25 0.29 0.09 0.08
Difference
from the
truth (in.) 0.02 0.61 0.09 0.36 0.28 0.27 0.03 0.39 0.07 0.28
Percent
Difference
(%) 0.49 17.% 3.95 16.08 7.98 7.67 0.84 12.21 4.29 16.71

Ground
Truth (in.) 3.56 3.56 2.21 2.21 3.57 3.57 3.16 3.16 1.68 1.68
Sample
and Log
Mile 3BLWP| 3BRWP| 2ALWP | 2ARWP| 2BLWP| 2BRWP| 1ALWP| 1ARWP| 1BLWP| 1B RWP
Thickness
Average

(in.) 1.46 1.69 2.3 1.56 4.23 5.23 3.42 3.36 1.85 2.13

Thickness
Standard
Deviation 0.13 0.15 0.26 0.08 0.34 0.59 0.21 0.19 0.31 0.22
Difference
from the
truth (in.) 0.09 0.14 0.08 0.82 0.7 1.7 0.28 0.22 0.27 0.01
Percent
Difference
(%) 6.06 9.28 3.17 34.48 19.73 48.21 8.85 7.07 12.51 0.3

Ground
Truth (in.) 1.55 1.55 2.38 2.38 3.53 3.53 3.14 3.14 2.12 2.12

Discussion of Results

For the individual test location measuremetite, GPR systerprovided an average 68.2 %
accuracy for the left wheel path and 83.1 % accuracy éorigint wheel pathForthe

continuous survey, the GPR systprovided an averag®l.7 % accuracy for the left wheel path
and 82.4 % accuracy for the right wheel pdthboth caseshe GPR systerprovided a higher
average accuracy the left wheel pdtcompared tahe right wheel path. Two possible factors

which may affect these results include:



1. Thelocationof the core sample. The core sample was located betweaméet paths
which may not represent ttieielayer depthn the wheel paththemseles In other
words, he transverse profile for the pavement maybeitomogenous.
2. Onecorewas obtained and measured, to provide a reference thickness for the efitire 20
test locationActual thickness in the location may vary in both the trans\arde
longitudinal directions.
Overall, the results from the Hattiesville Test Site generally agree with previous studies of layer
thickness O6accuracyd usi ng-nédBementdatatheimdden ot a bl
under which the GPS will be uséor networklevel worki provides a similar accuracy to the
more tightly controlled locatichy-location measurements. It is also noted that the level of
6accuracy6 provided by the GPS-levéhpaxehkente ss est i

inventorydata, and is likely suitable for pavement analyses needing pavement layer thickness.

1C



CHAPTER 4: DATA COLLECTION AND ANALYSIS PROCEDURES
The overall goal of this project is to deliver a GPS system suitable for implementation into
AHTD routine pavementanagement practice. To ensure success of implementation, guidelines
regarding the use of the GPR for field data collection and the analysis of GPR field data are
required.

Appendix A presents a draft manual for collecting GPR data. Appendix B prdsaftits

guidelines for GPR data analysis.

11



CHAPTER 5: RECOMMENDATIONS
The recommendations which follow are based on the work performed undetQIRHC

1 The AHTD ground penetrating radar (GPR) unit obtained and tested under this project
should be implemeat for networkievel pavement thickness surveys, using the field
data collection and data analysis procedures described.

1 AHTD should continue to refine data collection and analysis techniques related to
pavement layer thickness estimation. While the amguof these estimates is
demonstrated to be adequate for current purposes, improvements are likely possible.

1 Ground penetrating radar has been used successfully for a variety of purposes other than
pavement layer thickness estimation; AHTD should seekpand the types of analyses
performed using GPR such as identifying bridge deck deficiencies, locating buried

utilities, and others.

12



APPENDIX A

Guidelines for Field Data Collection Using Ground Penetrating Radar (GPR)



Arkansas State Highwand Transportation Department (AHTD)
Ground Penetrating Radar (GPR) Data Collection Process Manual
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Introduction

Setting up the ground penetrating radar (GPR) for a day of collection requires setting up the
physical equipment and setting up RA&DAN software. The system requires a laptop that

contains the license for RADAN from Geophysical Survey (GSSI). Setting up the equipment

and collecting the data requires two people for safety aspects. At the beginning of the day, make
sure to check thiiel gauge. The control unit and the antennas are powered by the battery on the
van. The manual should guide the users to set the equipment up and set up the parameters to
collect raw GPR data. The raw GPR data can be used to be analyzed later on.

FEquipmentList

Two 2 GHz GSSI Model 4105 alrorn antennas
Distance Measurement Instrument (DMI) unit
Panasonic Toughbook Laptop

SIR-20 control unit system

Global Positioning System (GPS)

GPR Data Collection Process M#nu Pagel



Equipment Setup

Extend theantenna rackfrom out of the backf the E350. The lever on the left needs to be
lifted the entirdengthuntil the rack is fully extended

Remove thel screwcapd r om t he rack to rel earmock. the antenr

Remove thentennafrom the rack and align them onetre-enforced front bumper. | t 6 s
recommended that 2 people carry the antenna due to the awkward shape.

GPR Data Collection Process Mé&nu Page2



Placeantenna 4012on the driver side of the bumper.
Placeantenna 4013on the passenger side of the bumper.
Screw4 boltsandwashersto attachnech of t he antennasdé saddle to

socket wrench 2 bolts should be above the saddle and 2 bolts should be on the side of the
saddle for each bolt.

GPR Data Collection Process Mé&nu Page3



Connect thantennasto theblue control cables When connecting the cablesthe antenna,
the GSSI logos should align with each other and screw together.

Clip thekarabiners on theblue control cablesto the clips on therill .

Run theblue control cablesthrough the passenger side window.

—

Connect thdvlue control cablesto thecontrol unit. When connecting the cables to the control
unit, make sure the correct antenna is connected to the right transducer. Antenna 4012 connects
to transducer 1 and antenna 4013 connects to transducer 2.

GPR Data Collection Process Mé&nu Paged



Removeth& P S 6 s cnetalplatét@eaxpose the magnet.

Place theé5PSunit on the center front of the-850 roof and run th&PS cablethrough the
passenger side window.

Attach theGPS cableto thedata logger boxand insert th@ower supply cordinto the
cigarette lighter receptacle

Pluginthed at a | o gpgpwer sudply irtd@tseverter.

GPR Data Collection Process Mé&nu Pageb



Attach thedata boxto the back or thanasonic Toughbookvia the greWwGA cord.

Attach theDMI unit onto therear driver side wheel

Use anAllen wrench to tighten theDMI unit to the wheel.

GPR Data Collection Process M#nu Pageb



Attach theD MI 6 s s u dotthe side ofphaath.

RuntheD M|l 6 s amdsafety stringthrough theear window.

Insertthec ont r ol uni t onte thgriganeterlighterurgraptacjebehind the drie r 6 s
seat.

{4 2

Attach theD M1 6 s todheaortrol unit and thesafety stringto the seat beltThe receptacle

for the DMI cord is located to the lower left of transducer and make sure there is tension on the
safety string in case the suction pads.fdihe safety string will catch the DMI unit.

> ﬂ"“"v‘.’ .
-~ .
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